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ABSTRACT
. The epizoic protozoa of planktonic copepoda and
cladocera from a eutrophic lake (Ashmore Lake, Coles County,
Illinois) were studied over a 13-week period in the summer
and fall of 1975.

All organisms were collected with a

125 micron mesh plankton net.

Epizoans (all peritrichs

and suctorians) were hosted by three of four species of
copepods and four of the ten species of cladocerans .

The

percentage of total organisms hosting epizoans varied
significantly (0 . 001 alpha level) by month, but averaged
11.6 percent .

This h i gh occurrence of epizoans was thought

to be related to the highly- eutrophic conditions existing
in the lake.

If the occurrence of epizoans is related to

the degree of organic enrichment of a body of water then
the percentage of planktonic organisms hosting them could
be a useful index of water quality.
Several interesting symbiotic associations were found.
Tokophrya cyclopum was always found on the anterior ends of
its cyclopoid copepod hosts, and Vorticella microstoma
occurred exclusively on the cladoceran Scapholeberis kingi .
These associations were thought to result in feeding and
defense advantages for the protozoa, but may have harmed
the host organisms.

Evidence from other studies was

presented in support of these hypotheses.
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INTRODUCTION
Peritrich and suctorian protozoa have been found on
the external surfaces of a wide variety of aquatic organisms.
Their hosts have included hydras, sponges, annelid worms,
insect larvae, crustaceans, tadpoles, and fish (Hyman 1940).
Kahl (1930, in his monograph on the ciliate protozoa of
Germany, listed many peritrichs which were epizoic on
microcrustaceans; and Kudo (1966) added several new species
to the list of suctorian protozoa found on these organisms.
In recent years there has been increased interest in
the epizoic protozoa of planktonic organisms yet few
quantitative studies of these associations have been reported.
Laird (1960) discovered a new species of Epistylis attached
to copepods of the genus Mesocyclops, and Vorticella
microstoma attached to mosquitoe larvae, from the surface
zone of several bodies of water near Singapore.

Vavra (1962)

in a study of the epizoic protozoa of organisms from a
temporary pool of water near Prague, Czechoslovakia found
Epistylis helicostylum was specifif for the ostracod
Eucypris virens.

Green (1964) discovered two kinds of

epizoic peritrichs on parasitic copepods attached to fish
in Lake Albert, Uganda.

These last two studies were

taxonomic in nature and did not discuss the possible
significance of these associations.
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Chance (1968) found several species of peritrich and
suctorian protozoa attached to planktonic organisms during
a survey of Ashmore Lake in east-central Illinois .
Vorticella ~· was found on several species of copepods
and cladocerans .

Cothu rnia canthocampti was seen on

Canthocamptus ~ · , and Tokophrya cyclopum and Epistylis ~·
were attached to Cyclops~·

This study was comprehensive

for epizoans, but not quantitative, nor were the ecological
or symbiotic implications of these associations discussed.
During a quantitative survey of Atlantic zooplankton
Sherman and Schaner (1965) discovered a new species of
suctorian attached to copepods in the Gulf of Maine.

Of the

21 species of copepods and 19 other zooplankton groups
examined only copepods of the genus Metridia hosted the
suctorian .

They found that larger Metridia had a

significantly greater incidence of epizoic suctorians, and
higher numbers per hosts, than did smaller individuals; and
that immature copepods, with a single exception, hosted no
epizoics.

The suctorian (Paracineta ~.) was found to be

relatively rare and highly host-specific in this study,
but did not appear to harm its hosts.
Several authors (Dogiel 1965, Noland and Gojdics 1967)
have said that most epizoic protozoa do not appear to derive
any direct nutritive benefit from attachment to their hosts,
nor do the hosts seem to be directly harmed by the protozoa.

3

The primary goal of this study was to determine the kinds and
numbers of epizoic protozoa hosted by the planktonic copepods
and cladocerans in a limited portion of a euthrophic lake in
order to establish baseline data for future quantitative
work.

Secondary aims were to investigate possible evidence

of host specificity or site preference on the host, discover
what benefits epizoans might derive from these associations,
and what adverse effects they may have on their hosts.

MATERIALS AND METHODS
Description Of The Study Area
All samples were collected from Ashmore Lake, a 14 . 0
hectare eutrophic lake with an average and maximum depth
of 1.5 and 4.5 meters respectively, located NW 1/4, Sec. 6

Tl2 N, Rll E, Coles County, Illinois, near the village of
Ashmore .

The lake resulted from the operation of a gravel

pit from 1900 to the

late

1940's.

It receives drainage

from heavily-fertilized corn, wheat and soybean fields via
Polecat Creek, which flows east to west through the lake and
into the Embarrass River (Chance 1968).

In recent years

drainage of wastewater and seepage from septic tanks from
houses built along the north shore may have contributed
additional pollution (Fig. 1).
Preliminary sampling, including several plankton tows
of the entire length of the western basin (area to the left
of the dotted line in Fig. 1) revealed that the highest
concentration of host organisms occurred in calm waters
around the perimeter.

Because of its high numbers of host

organisms and its location near an access round, a small cove
approximately 0.5 acres in area and about 0.45 meters in
depth, and containing emergent vegetation consisting
primarily of Nymphaea tuberosa, was chosen as the site for
scheduled collections (Fig. 2).

4
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Weekly Sampling Procedure
Thirteen mid-morning plankton collections were made at
weekly intervals between 4 August and 31 October at the
collection site.

A 125 micron mesh plankton net was cast

into the water 20 times over a distance of about 4 meters in
a semicircular pattern around a point 1 meter from shore
(Fig. 2) .

The net was carefully pulled through the emergent

vegetation at a depth of no

more than 30 centimeters.

After

each 10 casts the contents of the net were emptied into a
clean 100 millimeter glass holding jar, which was stored in
an ice chest until examined (usually less than one hour).
Air and water temperatures, and dissolved oxygen
concentration were measured with a Y.S.I. model 54 dissolved
oxygen meter.

Dissolved oxygen was measured at a depth of

10-20 centimeters at a point 1 meter from shore .

A sample

for chemical analysis was taken from the same point by
completely immersing and filling a clean 1 liter widemouth
glass jar and capping it underwater to eliminate air bubbles.
This sample was kept cold in an ice chest until examined
(generally 4-6 hours).

Cloud cover was estimated as clear

(0 . 0-0.1 cover), scattered (0.1-0.5), broken (0.5-0.9 cover),
or overcast (0 . 9-1.0 cover).

Data on the number of hours of

daylight were obtained from the Department of Geography,
Eastern Illinois University.
Examination of the live plankton sample was started
i mmediately after collection, and was always completed within

6

12 hours .

Contents of the holding jar were gently swirled

to insure uniform mixing and 20 milliliters were syringed
into a clean Syracuse watch glass.

This subsample was

examined under a dissecting microscope to obtain a rough
estimate of the kinds and numbers of organisms present .

The

subsample was then swirled and portions were transferred
to glass slides via a dropping pipette, using just enough
sample (2-3 drops) to cover the field under a 22 x 22
millimeter No. 1 plastic coverslip.

Twenty wet mounts were

made by coating the edges of a coverslip with petroleum jelly
and pressing it down on the slide just enough to restrain,
but not crush, the host organisms.

The sample under each

coverslip was examined under the 100 power objective of a
compound microscope in a systematic way; from left to right,
and from the top to the bottom of the field.

All copepods

and cladocera, and associated epizoic protozoa were identified
using standard taxonomic keys (e . g. Edmonson [1959 ] and
Pennak [1953] for the copepoda and cladocera, and Kahl [ 1930]
and Kudo [1966] for the protozoa).

The numbers of each species

of potential host organism, and the numbers which actually
hosted epizoans were recorded, as were the numbers and kinds
of protozoans on each host.
Photomicrographs were taken to record the appearance of
the living protozoa and their positions on the hosts.
technique has been recommended by Vavra (1963) as an
alternative to preservation of protozoan samples.

This
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Four parameters were measured from the water sample
using a Hach Kit Model DR-EL/2 (Hach Instrument Company,
Ames, Iowa); turbidity, dissolved carbon dioxide concentration,
pH, and total calcium hardness.

Details of these procedures

can be found in the Hach Methods Manual (1973).
Additional Sampling
On the 10th of September eight plain glass microscope
slides, arranged horizontally in a microscope slide box with
the ends cut out, were anchored at the collection site at a
depth of about 25 centimeters .

After allowing two weeks for

colonization the slides were removed to the laboratory and
examined for attached protozoa

under a compound microscope.

This was an effort to see whether protozoa found as
epizoans would also attach to a non-motile artificial
substrate.
Statistical Analysis
The percent of individuals of each kind of copepod
or cladoceran, and the percent of all potential hosts by
month which hosted epizoic protozoa was determined in the
following manner:
number of organisms which hosted epizoans
number of potential host organisms in a catagory (species,
month) X 100

=

percent of organisms with epizoans
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Various catagories were tested for statistical
significance of difference in the percent of individuals
which hosted epizoans using the following method (Sokal and
Rolf 1969):

Ca.tagory

Organisms
With Epizoics

Organisms
Without
Epizoics

Sum
( e: )

Percent
(p)

A

B

From Table K (Rolf and Sokal 1969),
arcsin ~

arcsin

rp;-

ts= arcsin p 1 - arcsin p 2

/s20 . s <..!.

n1

+

..!. )
n2

We compare ts with a normal deviate which can be found
in a table of areas of a normal curve (Table Q [Rolf and
Sokal]).

If ts is larger than t« [ 00 ]

then the two

percentages are significantly different at a given« level.

RESULTS
Of the 1 , 485 copepods and cladocerans examined from
Ashmore Lake 173 (11.6%) hosted epizoic protozoa (Table 1).
The percent of organisms hosting epizoans varied significantly
by month at the 0.001

~

level (for tests see Appendix).

The occurrence of epizoans was highest in August (18 . 1%),
fell significantly during September, and rose again in
October to 9.6% (Fig. 3).

The great increase in numbers

of potential hosts from 15 to 26 August was not accompanied
by a similar increase in the numbers which hosted epizoic
protozoa (Fig. 4).
Physical and chemical parameters measured in the study
are shown in Table 2 .

Water temperature closely followed

air temperature and ranged from a high of 25° Con
15 and 19 August, to a low of 8° Con 31 October .
Dissolved oxygen concentration varied from 12 ppm on
19 August to 6.4 ppm on 31 October.

Total hardness remained

around 300 ppm throughout the study (about 54 percent of
this was calcium hardness), and pH was usually between
7 and 8.

Turbidity ranged from 85 to 250 formazin turbidity

units.
Four of the 10 species of cladocerans hosted epizoic
protozoa.

It is interesting that while Scapholeberis kingi,

Chydorus sphearicus, and Pleuroxis denticulatus all occurred
in about equal numbers, and 147 of 279 S. kingi hosted

9
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epizoics, only one P . denticulatus and no C. sphearicus
served as a host (Table 1).
Vorticella microstoma occurred exclusively on S. kingi,
and this was by far the most common host-protozoan
association seen in this study .

There was two distinct

size classes of S. kingi, and individuals greater than
390 microns length were found to host V. microstoma three
t i mes as frequently as individuals of less than 390 microns
(Table 1) .

An average of 63.6% of the longer S. kingi

hosted V. microstoma, and in three collections (4 August
and 17 and 31 October) 100% hosted these protozoa (Table 3) .
For S. kingi shorter than 390 microns the average was 21.9%.
The difference in percent occurrence of epizoans between the
two size classes was highly significant at the 0 . 001

«

level.

There was also a difference in number of Vorticella per host
between the two length classes.

For the longer length

cladocera the average number of protozoa per host was 3.9,
with a high of 35; for the shorter class the average was
one protozoan per host, with a high of three on one
organism (Table 3 and Plates I, II, III, and IV) .
The occurrence of V. microstoma generally followed
the abundance of its host, S. kingi, but did not keep up
with the increase in potential hosts from 15 to 26 August
(Fig. 5).

Vorticella microstoma were always found on the

dorsal and lateral external surfaces of the valves of their
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hosts.

None were seen inside the valves or attached to

the appendages (Plates I, II, III, and IV).

Three

Alona costata , one S. kingi, and one Pleuroxis denticulatus
each hosted telotrochs of the peritrich Schyphidia ~(Table 1).
All three species of cyclopoid copepods hosted epizoic
protozoa; the four individuals of Diaptomus ~- (Calanoida)
did not.

Eucyclops agilis females were the most abundant

group of copepods, and 16 of 208 (7.7%) of them hosted
peritrich or suctorian protozoa.

Eight hosted only

epistylids, five hosted epistylids and suctorians, one
hosted only the suctorian Tokophrya quadripartata, and two
hosted Rhabdostyla vernalis.

No epizoans were found on the

five E . agilis males (Table 1).

There were too few males

for a male vs. female comparison of percent with epizoans
to be statistically valid.
Epistylis plicatilis was generally attached to the last
two segments of the metasome (thoracic segments IV and V)
and the first segment of the urosome (thoracic segment VI)
of its hosts.

Epistylis vermicola was located on the last

two metasomal segments of its hosts.

Small colonies of

E. plicatilis (25-60 zooids) were always attached either
just ahead of the egg sacs, or where the egg sacs would have
bee~ usually to the last segment of the metasome (Plate V).
Tokophrya cyclopum was always attached either to the first
antennae or the anterio-dorsal surface of the head of its
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host (Plates VI and VII).

Tokophrya quadripartata was

found on the empty stalks of epizoic epistylids attached
to one E. agilis (Plates VIII and IX).
Cyclops bicuspidatus had (at 10%) the highest incidence
of epizoic protozoa of any species of copepod, but this
represented only two of 20 individuals.

Each of these had

many E. plicatilis on the last two segments of the
metasome and several T. cyclopum on the anterior borders
of the first antennae (Table 1) .
Epistylis plicatilis was attached to the last two
metasomal segments of its three Cyclops vernalis hosts,
and one Cyclops sp. copepodid stage had two Epistylis
vermicola on the last segment of its metasome (Table 1 and
Plates X and XI).
On 24 September (after two weeks in the lake) the
eight glass slides were removed from the slide box and
examined under a compound microscope.

Vorticella campanula,

Epistylis ~ · , and Platycola ~ · were found on all eight
slides; Stentor coruleus was seen on two of the slides.
The Epistylis found on the slides could not be identified
to species because of heavy growths of epizoic blue-green
algae and the bacteria Sphaerotilis ~-, which covered
the slides and many of the attached organisms .

No

Vorticella microstoma or suctorians of any kind were found
on the slides.

DISCUSSION
The only quantitative study of epizoic protozoa of
planktonic organisms found in the literature was that of
Sherman and Schaner (1965).

They found the suctorian

Paracineta ~- on 1.7% of copepods of the genus Metridia
from the Gulf of Maine.

Since there have been no similar

studi es of epizoics in freshwater it is hard to determine
whether their occurrence on 11.6% of potential hosts in
Ashmore Lake is a high or low figure.

However, from the

examination of about 1,000 copepods and cladocera from
Douglas Lake, Michigan in the summers of 1976 and 1977, and
of several hundred additional organisms from Pandapas Pond,
Montgomery County, Virginia and the Virginia Polytechnic
Institute and State University (V . P.I. & S.U . ) Campus Duck
Pond in the spring of 1977, it appears this figure may be
high.

In each of these other bodies of water epizoans were

either not found or seen on less than one percent of the
organisms (Henebry and Yongue, personal observations) .
Most freshwater protozoa have broad tolerance ranges
for various physical and chemical factors in their
environment (Noland and Gojdics 1967) .

Measured physical

and chemical factors were always well within the tolerance
limits of the protozoa seen in this study (Cairns 1964).
A visual comparison of Table 2 and Figure 4 might suggest
that the occurrence of epizoans was correlated with water
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temperature or turbidity.

However , calculations of

Pearson product-moment correlation coefficients, using
the I.B.M. 370 computer at Virginia Polytechnic Institute
and State University,and Statistical Analysis Systems
programs (Barr et. al. 1976) revealed that the correlation
coefficients for the occurrence of epizoans with water
temperature and turbidity were very low.

These coefficients

were 0 . 23 and 0 . 02 respectively, and were not signi f icant
at the 0.05 alpha level.

By contrast, the correlation

between the numbers of organisms which hosted epizoic
protozoa and the total number of potential hosts on a
particular date was 0.61, and this was significant at the
0.05 alpha level .

Thus the occurrence of epizoans did not

appear to be related to any of the measured abiotic variables,
but was significantly correlated with numbers of potential
host organisms.
The decrease in percentage of organisms hosting
epizoans in September under that seen in August (3.1% vs.
16.5%) was probably due to the great increase in numbers of

potential hosts during the latter part of August without a
corresponding increase in numbers of epizoans.

A comparison

of Figures 3 and 4 reveals that while the numbers of
organisms which hosted epizoans did decrease slightly
during September, there was a much larger increase in numbers
of potential hosts in late August.

15

There were several indications that the increase in
numbers of potential hosts dur i ng late August was due to
peaks in reproductive cycles of some of the organisms.
First, many copepods and cladocerans carried eggs at this
time, one-half or more individuals of some species.

Also,

small Scapholeberis kingi (<390 microns) were very abundant
at this time, though none were seen later in the study
(Table 3) .

These small S. kingi were almost certainly

young since individuals 225 microns in length were observed
hatching on several occasions (Plate XII) .

According to

Pennak (1953) and Kaestner (1970) many species of cladocera
(the most abundant hosts in this study) have reproductive
peaks in both late spring and early autumn.

Younger

cladocera would presumably grow and molt at a faster rate
than older ones.

This may explain the significantly lower

occurrence of epizoans on the smaller S. kingi than on
larger individuals (21.9% vs. 63.6%) .

Sherman and Schaner

(1965) found that larger individuals of Metridia ~· had
a significantly greater incidence of epizoic suctorians
than immature copepods.
The fact that none of the species of protozoa which
occurred as epizoans had attached to the glass slides
anchored in Ashmore Lake indicates there may have been
some advantage to their attachment to motile hosts.

(It

is also possible that the smooth surfaces of the glass
slides were unsuitable for the attachment of these protozoa).
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Dogiel (1965) suggested several possible advantages
which protozoa might gain from attachment to other (motile)
organisms.

Their attachment to highly motile organisms,

such as planktonic microcrustaceans, might aid in their
dispersal over a wider area.

(Of course peritrichs and

suctorians both have highly-evolved motile stages which
serve this function) .

However, he indicated that the major

significance of their attachment to other organisms might
be that it facilitates their flotation in the water without
using either their own energy, or developing flotation
devices; and he suggested that many peritrichs and
suctorians are in the unique position of being both sessile
and planktonic .
None of the protozoa seen in this study have ever been
described as parasitic, yet increased availability of food
supply may be a major benefit of attachment to motile hosts.
The amount and kind of available food is a major factor in
the distribution of protozoa (Noland [1925], Sandon [ 1932],
1

Lackey [1938], Bamforth [ 1958], Noland and Gojdics [1967]).
Noland (1925) said

11

the character of the substratum in which

they (ciliates) live, particularly as regards the kind of
food organisms it contains, has more to do with the
distribution of freshwater ciliates than any other single
factor 11 •

It is possible that some protozoa may benefit

from an increased supply of food when attached to motile
hosts.
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Attachment to motile organisms may greatly enhance
the feeding activities of many suctorian protozoa, and
could possibly be critical to the existence of some species.
All suctorians are predators, feeding mostly on other
ciliates.

Although most of their prey are highly motile,

"adult suctoria are completely incapable of hunting
movements and feed only on prey that swim haplessly into
their tentacles" (Spoon 1975).

Spoon observed that

suctoria often go without eating for days, weeks, or even
months.

In the present study Tokophrya cyclopum was

found only on the anterior borders of the head and the first
antennae of cyclopoid copepods.

Previously, this suctorian

was reported from the same locations on cyclopoid hosts
(Kudo 1953, Chance 1968).

All cyclopoid copepods are

swimmers; when forward motion stops they sink, therefore
they remain in motion most of the time (Kaestner 1970).
It seems that a suctorian attached to the anterior end of
an almost continuously-moving host would come into contact
with a greater number of potential prey.

Laird (1959) used

this hypothesis to explain why suctorians found on
mosquitoe larvae were generally larger than those from the
surface films of lakes near Singapore.
Tokophrya quadripartata has been reported feeding on
the zooids of colonies of Epistylis plicatilis which were
epizoic on other organisms (Edmonson 1906, Small 1973).
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The suctorian was simply attached to the stalks of the
prey organisms where it fed on the zooids at its leisure.
It appears that the same phenomenon occurred here; although
only the empty stalks of epistylids, along with their
suctorian predators, were seen on only one copepod.
For some protozoa epizoic life may result in
decreased predation by other organisms.

Spoon's

observation::: show that many organisms graze on "lawns" of
peritrichs much like cows graze on grass (1975).

These

predators include rhabdocoel worms, pulmonate snails,
copepods , oligotrichs, gastrotrichs, rotifers, and many
other protozoa.

Some peritrichs seem to have defenses

against predators.

For example, the brown granules in

Vorticella campanula are thought to contain toxins; and
snails have been seen to go to "extreme lengths" to avoid
colonies of Vorticella monilata (Spoon 1975).

By contrast,

Vorticella microstoma, and most epistylids, have no
apparent defensive mechanisms against predation.

However,

they did appear to be protected from grazing predators
when attached to substrates in swift water currents in the
Potomac River (Spoon 1975).

Attachment to motile hosts

may afford this same sort protection.

This may partially

explain why V. microstoma, Epistylis plicatilis, and
E. vermiformis were found only on motile hosts, whereas
V. campanula (which has a specialized defense mechanism)
was abundant on the glass slides.

19

Since all peritrichs are bacterial feeders there
would seem to be no great advantage to their being located
in particular areas on the host organisms.

Unlike

suctorians , peritrichs were found at almost any point on
the host where they would not sustain damage from the
organism's swimming and feeding activities .

An interesting

point is that when a copepod hosted only small colonies
of Epistylis plicatilis the protozoa were found either
just behind the egg sacs or at points where the egg sacs
would have been (Plate

y).

Presumably, egg sacs would be

located in well-protected positions.
Many cyclopoid copepods, including Cyclops vernalis
and C. bicuspidatus, are predators; feeding on cladocera,
other copepods, and protozoa (Anderson 1970, Fryer 1957) .
Spoon (1975) observed that copepods may graze heavily on
peritrichs, breaking up the zooids with their chitinous
appendages .

Conceivably, copepod hosts could benefit as

a group by having a ready food supply available on the backs
of others, however , no evidence for "cleaner" copepods has
been found.
It seems more likely that epizoic protozoa would have
detrimental effects on their hosts.

Sherman and Schaner

(1965) reported that even large numbers of epizoic
suctorians caused no apparent harm to their copepod hosts,
but only preserved specimens were examined .

In the present
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study some impairment of swimming efficiency was noted;
individuals which hosted large numbers of epistylids spen t
more time resting on the bottom of the sample jar, than
those with no epizoans.
In the Virginia Polytechnic Institute and State
University laboratory cultures Vorticella sp . attached
to Daphnia pulex (cladocera) in numbers great enough to
severely impair their feeding act i vities and reproductive
ability.

Several stock cultures were nearly destroyed by

these epizoans (Arthur L . Buikema, personal correspondence).
Laird (1959) reported that heavy infestations of epizoans
on mosquito

larvae limited their feeding activities, and

may have approached true parasitism .

Assoc i ations

(symbiotic or parasitic) between planktonic organisms and
epizoic protozoa need to be worked out by careful
experimentation.

This could include growth studies of

populations of copepods and cladocera both with and without
epizoans, and growth studies of populations of various
peritrichs and suctorians living on both motile and
non-motile substrates.
Vorticella microstoma was found exclusively on
Scapholeberis kingi, although the cladocera Chydorus
sphearicus and Pleuroxis denticulatus were available as
potential hosts in about equal numbers .

Previously, Chance

(1968) found Vorticella ~- (possibly V. microstoma) on
C. sphearicus, Simocephalus ~·,Cyclops~ - and
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Diaptomus ~.; . no S. kingi were reported in that earlier
study of Ashmore Lake .

Further, in a study of the epizoans

of organisms from lakes near Singapore Vorticella microstoma
was found on 16 of 22 species of mosquito larvae.

It was

also seen on larval Plecoptera, Odonata, Diptera; and on
detritus, filamentous algae, and other vegetation in the
surface film (Laird 1959) .

A more detailed study of the

organisms involved in this association may resolve the
apparent contradiction of V. microstoma having been found
on many different organisms, yet seemingly host-specific for
S. kingi in this instance.
Scapholeberis kingi lives in the neuston of lentic
waters, a habitat for which it is adapted by having straight
valve borders with laterally directed "hydrofuge" hairs .
These hairs allow it to hang from the surface film, and
remain motionless for some time.

By contrast, virtually

all other planktonic cladocera (and copepods) must remain
permanently in motion to avoid sinking (Kaestner 1970).
Because it is less motile, S. kingi might be expected to
host epizoans more often than other cladocera, since
protozoa could probably attach to it more easily.
Vorticella microstoma, like virtually all protozoa,
has a very cosmopolitan distribution and a fairly wide
tolerance for most abiotic factors (Burbanck and Spoon 1967,
Finley and McLaughlin 1961), yet may reach high levels of
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abundance only under certain environmental conditions.
Lackey (1938) in a study involving 325 samples from
eight different types of aquatic habitats reported
V. microstoma from polluted streams, Imhoff tanks,
trickling filters, and activated sludge chambers.

No

V. microstoma were found in open lake waters, tree stumps,
The Atlantic Ocean, or ponds, pools, or still areas of
streams.
Activated sludge appears to be an excellent medium for
V. microstoma because of the rigorous agitation which
provides adequate oxygen along with high concentrations of
bacteria and organic matter (Reynoldson 1942).

Noland and

Gojdics (1967) reported that this protozoa was an active
bacterial feeder in activated sludge, but if the dissolved
oxygen level dropped for any reason the colonies formed
telotrochs that did not reattach until aeration was improved.
Reid (1969) confirmed this, and added that high bacterial
counts along with high dissolved oxygen concentrations
(optimum conditions for V. microstoma) were rare in nature .
All organisms in this Ashmore Lake study were collected
at or near the water surface where dissolved oxygen
concentrations remained relatively high.

There were also

several indications that bacterial abundance at the sample
site may have been high:
1.

On most collection dates a strong "sewage" odor was
present.
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2.

The glass slides which had been submerged at
the site were covered with Sphaerotilis ~· and
blue-green algae, both often found in organically
polluted water with high bacterial counts
(R~einheimer 1971).

3.

Samples of water and debris from the collection
site would become anaerobic in less than two days
in the laboratory, unless constantly aerated.

In future studies it is suggested that at least simple
plate counts of bacteria be performed.
From the evidence discussed so far it appears that
the surface water at the sampling site may have been an
ideal habitat for V. microstoma, since it may have provided
two of the organism's most important requirements - adequate
dissolved oxygen and an abundance of bacterial food.

It

has been observed that peritrich telotrochs swarm
primarily at the water surface (Spoon 1975).

This fact ,

plus the evidence that the surface water of the sampling
site may provide an ideal habitat for the protozoan, may
be a plausable explanation for V. microstoma being found
exclusively on the neuston-dwelling S. kingi, when other
potential hosts were available.
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Epizoic Protozoa As Possible Indicators Of Organic
Water Pollution
Peritrich protozoa are generally thought to be very
good indicators of water quality (Bick 1972) .

In

particular, Vorticella microstoma has been classed as an
excellent polysaprobic indicator organism by Liebman
(Bick 1972).

However, it was emphasized that only mass

development of colonies indicated a polysaprobic condition;
since small colonies may occur under mesosaprobic
conditions, and solitary individuals have been found in
oligosaprobic waters.

Spoon (1975) also made it clear that

numbers as well as kinds must be considered when using
peritrich protozoa as indicators of water quality.
Laird (1959) related the incidence of different species
of epizoans on mosquito larvae to the degree of organic
enrichment of several lakes near Singapore.

He reported

that all larval epizoans occurred in mesosaprobic or
polysaprobic waters, never in oligosaprobic.

In

alpha-mesosaprobic waters V. microstoma was very dominant,
and under polysaprobic conditions it was by far the most
common epizoan.

(For a complete discussion of the saprobian

system of classification of waters, and of the use of
indicator organisms to assess the degree of organic
enrichment see Kolkwitz and Marsson [1967] or Gaufin [1973]).
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A major disadvantage of most systems using organisms
as indicators of water quality is that unless the organisms
are accurately identified to species level meaningful
results are often impossible to obtain.

For instance,

Vorticella campanula indicates mesosaprobic condit i ons,
while V. microstoma is a polysaprobic indicator (Bick 1972).
Identification to Vorticella ~· would provide much less
information about water quality.

Certain planktonic

microcrustaceans (copepods and cladocera) have been found
to be excellent indicators of water quality; but again,
these must be accurately identified to the species level
(Gannon 1972).

In both cases highly - trained taxonomists

are required to avoid misleading results and interpretations.
Several sources of evidence have been presented which
suggest that the presence of epizoic protozoa on
significant numbers of any planktonic organisms (possibly
10% or more) may be a good indicator of organic pollution
in a body of water :
1.

Direct evidence of a high abundance of epizoans
in Ashmore Lake, which had been classified as
highly-eutrophic (Chance 1968).

2.

Laird's statement that epizoans occurred mainly in
alpha-mesosaprobic and polysaprobic water (1959).

3.

The very low incidence of epizoans (less than 1%)
on organisms from Douglas Lake, Michigan and
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Pandapas Pond, Virginia, both oligotrophic lakes
(Welch 1952, Henebry and Yongue unpublished).
4.

Also, the epizoic vorticellidae which plauged the
Daphnia cultures at Virginia Polytechnic Institute
and State University were eliminated when
Chlamydomonas ~·

(an alga) was substituted for

the Tetra-Min fish chow, which had been used to
feed the cladocera.

The fish food was found to

have been supporting heavy bacterial growths which
served as food for the vorticellidae as well as
the cladocerans.
A major advantage of using epizoic protozoa as
indicators of organic pollution is that no expensive
equipment, special training, or taxonomic expertise is
required.

An investigator (biologist, sanitary engineer,

etc.) would simply tow a plankton net through the surface
waters of a lake, and empty the contents of the net into a
collecting bottle.

If epizoic protozoa were present in

large numbers (Plate XIII), they could be detected by
viewing the organisms in the collecting jar with a hand lens;
the epizoans would appear as fuzzy outlines around the
planktonic crustaceans, insect larvae, etc.
be a very rapid field procedure.

This would

Standard counts could be

performed in the laboratory by examining a predetermined
number of either preserved or unpreserved plankters under

27

a dissecting or compound microscope.

As an example,

if 10% of the plankters hosted epizoic protozoa then the
lake might be considered organically enriched (polluted).
Of course this method needs further testing to prove
its validity and to establish standards for determining
the degree of organic enrichment.

A first step would be

to determine the percent of organisms hosting epizoics from
a number of lakes previously classified according to the
saprobian system.

If the basic hypothesis (that high

occurrence of epizoans indicates high organic enrichment)
is validated then its practical application could be tested
by having untrained persons carry out the procedure
described in the previous paragraph.

Agreement of their

conclusions about the water quality of selected lakes with
those of experienced aquatic ecologists, sanitary engineers ,
etc. would help prove the applicability of this method .

CONCLUSIONS
Several tentative conclusions can be drawn from this
study of the epizoic protozoa from Ashmore Lake and a
comparison of the findings with other studies.
(1)

Epizoic protozoa occurred on a relatively high

percentage of the planktonic copepods and cladocerans
in Ashmore Lake.

Data from other studies suggests

that an occurrence of epizoans on more than about
10% of planktonic organisms is probably rare.
(2)

The percentage of organisms hosting epizoans

varied somewhat throughout the study, but the incidence
of epizoans was not correlated with fluctuations in
the measured chemical and physical factors.

Instead,

short-term variations in the incidence of epizoans
were probably the result of a lag between increases
in populations of potential hosts and epizoic protozoa.
(3)

It is thought that the degree of organic

enrichment of a body of water is a major factor
determining the occurrence of epizoans, since organisms

from enriched waters have been found to host them
more frequently.
(4)

Several interesting symbiotic associations between

hosts and epizoics were noted.

Tokophrya cyclopum was

always located on the anterior ends of cyclopoid
copepods, and there was a very high occurrence of
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Vorticella microstoma on the cladoceran
Scapholeberis kingi.

These associations were thought

to result in feeding and defense advantages for the
protozoans.
(5)

If the incidence of epizoans is related to the

degree of organic enrichment of a body of water, then
the percent of planktonic organisms hosting them may
be a very useful index of water quality.

The

advantages of this method of estimating water quality
include its speed, simplicity, and low cost in terms
of equipment and personnel.
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Table 1.

Epizoic protozoa found on copepoda and
cladocera from Ashmore Lake.

Potential Hosts

Number
Examined

Epizoic
Protozoa

Number
W/Epizoics

Percent
W/Epizoics

CLADOCERA
Scapholeberis kingi (large)

206

S. kingi (small)
Alona costata
Pleuroxis denticu l atus
Pleuroxis striata
Chydorus sphaericus
Monia affinis
Monia micrura
Daphnia pulex
Daphnia ~·
Ceriodaphnia lacustris

73
101
278
28
288
63

Vorticella microstoma,
Scyphidia §£.
V. microstoma
Scyphidia ~ ·
Scyphidia ~-

131
1
16
3

1

3

63.6
0.0
21 . 9
2.9
0.3
0 .0
0.0
0 .0
0.0

o.o

27
50

0.0
0.0

45

w

COPEPODA

f--1

208

Eucyclops agilis (females)

E. agilis (males
Cyclops vernalis
Cyclops bicuspidatus
Diaptomus sp.
Cyclops~ · , copepodid stages
Copepod nauplii
Total

5
35
20
4
17
29

1,485

Epistylis plicatilis
Epistylis vermicola
Rhabdostyla vernalis
Tokophrya cyclopum
~- plicatilis, T . cyclopum
Epistylis plicatilis,
Tokophrya quadripartata

6
2
2

E. plicatilis
E . plicatilis, T. cyc l opum

3
2
0

Epistylis vermicola

1

7.7

1
4

1

0

173

0.0
8.6
10.0
0.0
5.9
0.0
11. 6

Weighte.d
Avg.
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Table 2 .

Water quality - Ashmore Lake, 1975 .
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4Aug

8Aug

15Aug

19Aug

26Aug

Air Temp. OC

21

19

21

25

23

Water Temp. oc

23

21

25

25

23

14:08

13:59

13:44

13:34

13:16

ER

ov

CI

ov

SC

8.1

10.1

10.3

12.0

7.7

8.4

8.2

8.2

7.8

8.0

Date

Hours of daylight
Cloud cover*
Dissolved oxygen
concentration (ppm)
Dissolved CO 2
concentration (ppm)
pH
Total hardness (ppm)

300

Calcium hardness (ppm)

160

Turbidity (FTU's)**

190

185

260

250

250
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Table 2.

(Continued)

10Sept

Date
0

c

19Sept

26Sept

18

20

26

19

21

13

12:40

12:17

12:00

CL

BR

SC

Dissolved oxygen
concentration (ppm)

11.2

6.5

7 .3

Dissolved CO2
concentration (ppm)

4.4

3.3

3.3

pH

8.0

8.2

7.0

Total hardness (ppm)

130

280

320

60

190

210

250

150

90

Air Temp.

Water Temp .

0

c

Hours of daylight
Cloud cover*

Calcium hardness (ppm)
Turbidity (FTU's)**
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Table 2.

(Continue d)

30ct

lOOct

170ct

240ct

310ct

Air Temp . oc

14

15

14

16

5

Water Temp . oc

11

10

13

13

8

11:41

11:23

11:06

10:49

10 : 33

BR

SC

ov

BR

CL

Dissolved oxygen
concentration (ppm)

10.0

12.0

10.0

8.0

6.4

Dissolved CO2
concentration (ppm)

2.2

2.8

2.8

2.8

2.8

pH

8.1

9.0

6.9

6.6

8.2

Total hardness (ppm)

330

330

330

350

350

Calcium hardness (ppm)

170

170

170

180

180

85

125

160

150

100

Date

Hours of daylight
Cloud cover*

Turbidity (FTU's)**

*BR broken, CL clear, OV overcast, and SC scattered.
**FTU's formazin turbidity units.
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Table 3.

Vorticella microstoma found on Scapholeberis kingi
on each collection date .

Date
-

October

September

August

17

24

31

2·

3

7

5

13

1

3

5

5

66.6

92 . 9

50.0

100

71.4

100

15

3

3

4

5

5

4

15

3

4

4

35

7

8

4

8

15

19

26

10

19

26

3

8capholeberis kingi
(larger than 390)

23

65

15

21

24

21

3

3

14

S. kingi hosting
Vorticella microstoma

23

61

4

10

2

1

1

2

Percent S. kingi
hosting V. microstoma

100

93.8

26.6

47 . 6

8.3

4.8

33.3

Median number of
V. microstoma per host

2

2

2

1

2

1

Maximum number of
V. microstoma per host

10

17

3

6

2

1

10

w

-.,l

I

ScaEholeberis kingi
(smaller than 390)

0

54

3

11

5

0

0

0

0

0

0

0

0

s.

kingi hosting
Vorticella microstoma

0

15

0

0

1

0

0

0

0

0

0

0

0

Percent S. kingi
hosting V. microstoma

0

27.7

0

0

20.0

0

0

0

0

0

0

0

0

Median number of
V. microstoma per host

0

1

0

0

1

0

0

0

0

0

0

0

0

Maximum number of
V. microstoma per host

0

3

0

0

1

0

0

0

0

0

0

0

0
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Figure 1.

General map of Ashmore Lake and surrounding
area .

Collection site marked with "X".
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40

Figure 2.

Enlarged section of area to left of dotted line
in Figure 1.

Lines radiating from dot marked

'collection site' show approximate area covered
by plankton tow.
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Figure 3.

Percent of organisms hosting epizoic protozoa,
by month of collection.
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Figure 4.

Comparison of total number of potential hos t
organisms with number actually hosting epizoic
protozoa.
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Figure 5 .

Total number of Scapholeberis kingi collected
on each date compared with number which hosted
Vorticella microstoma.
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Plate I.

Scapholeberis kingi (575 microns long) hosting
many Vorticella microstoma.

Plate II.

Closeup of several Vorticella microstoma attached
to S. kingi in Plate I.
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Plate III.

Scapholeberis kingi (310 microns long hosting
a single Vorticella microstoma.

Plate IV.

Closeup confirming that epizoic protozoa
attached to S. kingi in Plate III is
V. microstoma.

Plate V.

Eucyclops agilis hosting several small colonies
of Epistylis plicatilis .

Note that the colonies

of E. plicatilis are located where the egg sacs
would have been had any eggs been present .
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Plate VI.

Eucyclops agilis hosting Tokophrya cyclopum
on the anterior end of the head and the first
antennae.

Plate VII.

Eucyclops agilis (same organism as in Plate VI)
hosting T. cyclopum on both the anterior and
posterior edges of the right first antenna.
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Plate VIII.

Showing Tokophrya quadripartata attached to
empty (no zooids) stalks of Epistylis

§£_.

which is epizoic on Eucyclops agilis.
Attachment of T. quadripartata partially
obscured by debris.

Plate IX.

Closeup of the right-hand T. quadripartata

in Plate VIII.
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Plate X.

Epistylis vermicola attached to a copepodid
stage of a cyclopoid copepod .

Plate XI.

Closeup of the two E. vermicola in Plate X.
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Plate XII.

Three young Scapholeberis kingi (225 microns
long) just after hatching from an adult female
(650 microns in length).

Plate XIII.

A Eucyclops agilis collected from Ashmore Lake
in March 1976 which was completely covered
with an uncountable number of Epistylis
plicatilis.

Note that no E. plicatilis appear

to be attached to the antennae or legs.
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APPENDIX
Tests of significance of differences in percent
epizoics by month (Sokal and Rolf 1969) .

Month

Organisms
Without
Epizoics

Organisms
With
Epizoics

Sum
(n)

Percent

(p)

122

551

673

18.13%

. 181

Sept .

10

352

362

2.76%

. 0279

Oct.

41

409

450

9.11%

.0911

Aug.

From Table K (Rolf and Sokal):

Test for months of Aug. and
Sept.
arcsin

arcs in /. 181 = 25. 18
ts= 25.18 - 9 . 63

=

l.021~· =

9.63

8.32 (Table Q, Rolf and Sokal)

!s20.8 ( 1
1)
673 + 362
t«

2

for«= 0.001, df =~*is 3 . 291

8.32

>

3.291, so can reject that the

two percentages are the same, therefore
must assume they are different.
Test for months of Sept. and Oct.
From Table K:
t

s

=

arcsin 1.091 = 17.56

=

17.56 - 9 . 63

ls20. ~ <4~0

3.92

+ 3~2)

64

arcsin 1.028 = 9.63

65

t« 2 for«= 0.001, df = «*

is 3 . 291 (Table Q, Rolf and Sokal)

3.92>3.291, so can reject that the two percentages are equal .
Test of significance of difference in percent epizoics
hosted by large (>390 microns) Vs. small (<390 microns)
Scapholeberis kingi.

kingi
-s . With

Sum
(n)

Percent

Epizoics

S. kingi
Without
Epizoics

>390µ

131

75

206

63.6%

0.636

>390µ

73

57

73

21.9%

0.219

Size

From Table K:
ts=

arcsin 1.636 = 52.89

52.89 - 27.90

=

(p)

arcsin ;:-219 = 27 . 90

6 . 40

fs20.8 ( ~ + 7~)
t« 2 for«= 0.001, df =

oo

is 3.291 (Table Q, Rolf and Sokal)

6.40>3 . 391, so can reject that the two percentages are
equal; must assume that they are different.

